Periorbital and orbital cellulitis are skin and soft-tissue infections that typically affect pediatric patients through conditions that range from superficial soft-tissue infections to invasive infections associated with significant morbidity, including those with potential for serious ophthalmic complications, such as vision impairment or even blindness [1, 2] . Common bacterial causes of periorbital and orbital cellulitis are Staphylococcus aureus, Streptococcus pneumoniae, Streptococcus pyogenes, and Haemophilus influenzae [1] [2] [3] . Widespread vaccination against H influenzae type b has led to a steep decline in the number of infections it can cause, which has resulted in Staphylococcus and Streptococcus species now being the major causative organisms of periorbital and orbital cellulitis [4] [5] [6] .
Over the past decade, an increasing number of community-acquired (CA) methicillin-resistant S aureus (MRSA) infections has occurred among children and adults worldwide, and USA300 has emerged as the predominant MRSA clone causing infections in the United States [7] [8] [9] . At Texas Children's Hospital (TCH) in Houston, USA300-MRSA is a major cause of pediatric CA skin and soft-tissue infections [9, 10] . Many virulence factors contribute to the increased incidence and severity of MRSA infections. Panton-Valentine leukocidin (PVL), a pore-forming toxin produced by some species of S aureus that causes leukocyte cell lysis and induces local inflammation, has been associated with disease severity in several studies, although its exact role is yet to be established [11, 12] .
Few studies have analyzed both the demographics and clinical presentation of patients with periorbital or orbital S aureus cellulitis and compared outcomes while using molecular methods to characterize isolates. Therefore, we sought to define the clinical features of and characterize isolates from children with periorbital or orbital cellulitis caused by S aureus at TCH.
METHODS

Study Design and Population
Patients and isolates were identified from a prospective S aureus surveillance study from January 2002 through July 2015. Demographic and clinical data were obtained from the electronic hospital information system by 2 investigators (E. Y. and C. E. F.). Patient data were collected on a standardized form, and this information included age, sex, ethnicity, and documentation of duration of symptoms, presence of upper respiratory symptoms, a preceding skin lesion, proptosis, fever, decreased extraocular movement, presence of sinusitis according to computed tomography (CT), blood culture results, procedure performed, duration of hospitalization, antibiotic regimen, and steroid treatment. This study was approved by the Baylor College of Medicine Institutional Review Board.
Definitions
Periorbital cellulitis was defined as a soft-tissue infection that involved the eyelids anterior to the orbital septum. Orbital cellulitis was defined as an infectious process posterior to the orbital septum. On the basis of a combination of patient record reviews and International Classification of Diseases, 9th Revision (ICD-9), codes (eg, 376.01 and 373.13), children were categorized as having had periorbital or orbital cellulitis. Fever was defined as a body temperature of >100.4°F. An isolate was classified as USA300 if it differed from the USA300.0114 control isolate (TCH 1516) [13] by <4 bands. An isolate was classified as CA if it was recovered from an outpatient child or from a child without underlying medical conditions (except reactive airway disease or eczema) <48 hours after hospitalization, as community-onset healthcare associated if it was obtained in the community from a patient with a condition that required frequent exposure to a healthcare facility, or as nosocomial if it was isolated from a child >48 hours after hospitalization.
Molecular Studies and Antimicrobial Susceptibility
Isolates were genotyped by pulsed-field gel electrophoresis, and the presence of the Panton-Valentine leukocidin genes (lukSF-PV [pvl]) was determined by quantitative polymerase chain reaction [14, 15] . Antimicrobial-susceptibility testing was performed by the TCH clinical microbiology laboratory in accordance with Clinical and Laboratory Standards Institute guidelines [16] .
Statistical Analysis
Statistical analyses of demographic and clinical data were performed with the Fisher exact test for dichotomous variables and the Wilcoxon rank-sum test for continuous variables using Stata 11 software (College Station, TX). A two-tailed P value of <.05 was considered statistically significant.
RESULTS
During the study period, 115 patients with potential orbital or periorbital cellulitis were identified. After review of their medical records, 3 patients were excluded because of incomplete medical records, 14 patients were excluded because they had a diagnosis other than periorbital or orbital cellulitis, and 13 patients had no isolate available for study. Eighty-five patients with periorbital (n = 58) or orbital (n = 27) cellulitis and an available isolate were included in our analyses.
Microbiology and Antibiotic Susceptibility
The source of the isolates included spontaneous eye drainage (n = 36), deep nasal swab (n = 3), incision and drainage of abscess (n = 26), or surgical drainage of orbital abscess by orbitotomy (n = 12), endoscopic sinus surgery (n = 6), strabismus exploration surgery (n = 1), or craniotomy (n = 1). Overall, we found 57 (67%) MRSA isolates, 72 (85%) pvl-positive (pvl + ) isolates, and 66 (78%) USA300 isolates ( (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . No differences in clinical characteristics were observed when we compared MRSA and MSSA infections or USA300 and non-USA300 infections. Polymicrobial cultures for 2 patients with periorbital cellulitis resulted in identification of possible copathogens; 1 culture grew Pseudomonas aeruginosa, and 1 grew group A streptococcus.
Six (7%) isolates had constitutive clindamycin resistance, and 5 (6%) isolates displayed inducible clindamycin resistance. Of these 11 isolates, 7 were MRSA. Sixty (71%) isolates were erythromycin resistant. Only 1 MSSA (non-USA300-pvl + ) isolate was resistant to trimethoprim-sulfamethoxazole.
Clinical Features
Patients with periorbital cellulitis were more likely than patients with orbital cellulitis to be male (42 of 58 vs 10 of 27, respectively; P < .01). The median age for patients with periorbital cellulitis was 6.0 years (range, 0.02-18.7 years) versus 1.2 years (range, 0.04-16.4 years) for patients with orbital cellulitis (P = .1). Eight patients with orbital cellulitis versus 2 patients with periorbital cellulitis were aged <60 days (P < .01). Contrast-enhanced CT was performed for 27 (47%) of the children with periorbital cellulitis and all of the children with orbital cellulitis. According to their CT scan, 19 (70%) patients with orbital cellulitis and 11 (41%) with periorbital cellulitis had radiologic evidence of sinusitis (P = .054) ( Table 2) . Of the patients with sinusitis, 22 (73%) had 2 or more sinuses involved and 9 (30%) had 3 or more sinuses involved.
Bacteremia occurred in 6 patients with orbital cellulitis (4 with MRSA and 2 with MSSA) but none with periorbital cellulitis. Of the 6 children with bacteremia, 5 were <6 months of age and 1 was a 16-year-old with a complication of epidural abscess. Of the 10 infants <60 days of age, 9 underwent a lumbar puncture, and for 1 patient with orbital cellulitis, evidence of a parameningeal infection was found (cerebrospinal fluid revealed 2995 white blood cells per mm 3 , a glucose level of 59 mg/dL, and a protein level 130 mg/dL, and results of a cerebrospinal fluid culture were negative). This patient also underwent a head CT scan, which revealed leptomeningeal enhancement of the inferior frontal lobes.
Treatment and Outcome
Patients with orbital cellulitis were hospitalized for a median of 12 days (range, 2-28 days) and received antibiotics for a median of 21 days (range, 10-32 days). Twelve (44%) patients with orbital cellulitis also received treatment with steroids. Steroids were administered for a median of 3 days (range, 1-13 days). Steroid treatment did not affect either the length of hospitalization or duration of antibiotic treatment. None of the patients with orbital cellulitis required readmission. Patients with periorbital cellulitis were hospitalized for a median of 3 days (range, 0-17 days) and received antibiotics for a median of 11 days (range, 7-32 days). Patients with periorbital cellulitis most often had no procedure performed (n = 31 [53%]) or they had incision and drainage of an abscess (n = 23 [40%]). The majority of patients with orbital cellulitis required orbitotomy and/or endoscopic sinus surgery (n = 17 [63%]). Of the patients with either orbital or periorbital cellulitis, 11 (13%) completed antibiotic therapy while hospitalized and 3 (3.5%) were discharged home on intravenous therapy, whereas 71 (83.5%) were transitioned to oral antibiotics and completed an outpatient course. The 6 bacteremic patients were treated with intravenous antibiotics for a median of 18 days (range, 6-28 days). The majority of patients on oral antibiotics were discharged on clindamycin (74%) or trimethoprim-sulfamethoxazole (14%).
DISCUSSION
We studied pediatric periorbital and orbital cellulitis caused by S aureus at a large children's hospital in Houston, Texas. Our objective was to molecularly characterize the S aureus isolates from pediatric patients with periorbital or orbital cellulitis. The majority of isolates were MRSA, pvl + , and USA300. The clinical features of and treatment and outcomes observed in the patients were no different when we compared MRSA and MSSA infections or USA300 and non-USA300 infections.
More than half of the MSSA isolates in this study were pvl + , likely because of the large number of USA300 isolates. Nearly all USA300-MRSA isolates carry the pvl genes, as do most USA300-MSSA isolates [10, 17, 18] . Previous studies from TCH revealed the presence of pvl in almost all CA-MRSA isolates, the majority of which were isolated from children with a skin or soft-tissue infection [10] . In the United States, Brown et al [19] . reported an increase in the percentage of MSSA isolates harboring the pvl genes over time. Clinically, pvl has been associated with skin and soft-tissue infections, osteomyelitis, and necrotizing pneumonia [18, [20] [21] [22] . PVL is not consistently a factor in pathogenesis in model systems, however, and pvl might be a surrogate for other markers [23] [24] [25] . The exact role of pvl remains incompletely defined. We observed no differences in clinical presentation of or treatment outcomes between patients with pvl + or pvl -periorbital or orbital S aureus infections. However, we detected the highest prevalence of pvl + isolates among CA-MSSA isolates reported in any US study Abbreviations: CA, community acquired; CO-HCA, community-onset healthcare associated; IV, intravenous.
a Eight patients with orbital cellulitis and 2 patients with periorbital cellulitis were <60 days of age (P < .01). Twenty-seven patients with periorbital cellulitis underwent a CT scan.
to date, and 100% of the MRSA isolates were pvl + . This finding suggests a role for the PVL toxin in infections that involve the eye and surrounding tissue.
The median age for the periorbital cellulitis group was higher than that for the orbital cellulitis group. This observation is likely reflective of the large number of infants within the orbital cellulitis group. Although relatively infrequent, neonatal orbital abscesses have been reported, and S aureus is the predominate pathogen. Lin et al [26] . identified S aureus in 14 of 17 neonatal patients. Kobayashi et al [27] . reported 2 cases of infantile orbital cellulitis and bacteremia caused by MRSA. The median age observed in our orbital cellulitis group was lower than that of patients with orbital cellulitis reported previously in the literature. Peña et al [28] reported mean ages of 6.0 and 7.4 years for patients with orbital cellulitis before and after, respectively, the 7-valent pneumococcal conjugate vaccine era.
Ethmoid sinusitis has been cited as the main preceding factor for orbital cellulitis, not only among neonates but also among children of all ages [26, 29, 30] . In our study, radiographic evidence of sinusitis was present in 70% of the patients with orbital cellulitis and 41% of the patients with periorbital cellulitis. Nearly three-quarters of our patients with sinusitis had 2 or more sinuses involved, and 30% had 3 or more sinuses involved. Historically, the most common bacterial pathogens causing sinusitis include S pneumoniae, H influenzae, and Moraxella catarrhalis, but S aureus also was isolated recently from children and adults with acute or chronic sinus infection [3, [31] [32] [33] . Peña et al [28] . found a significant increase in the number of S aureus-associated orbital infections related to acute sinusitis coinciding with a decrease in the number of S pneumoniae-associated orbital infections after introduction of the 7-valent pneumococcal conjugate vaccine. A previous study from TCH, in which all cases of pediatric orbital cellulitis associated with sinusitis from 2001 to 2005 were reviewed, found Staphylococcus species to be the leading pathogen, followed by Streptococcus species [34] .
There were certain limitations to our study. We focused on children with periorbital or orbital S aureus infections at 1 institution. Knowledge of what percentage the S aureus infections represent among all the cases of periorbital and orbital cellulitis would have provided additional information to the significance of our findings. Also, it is possible that our results might not be representative of other geographic areas or of patients managed in other settings. Furthermore, 31 patients with periorbital cellulitis and 5 patients with orbital cellulitis did not require incision and drainage or a surgical procedure. Thirty-nine of the 85 isolates were from cultures of eye drainage or nasal swabs and potentially represent a colonizing bacterium rather than the causative pathogen. We would not have captured information on patients who might have sought care outside of our hospital for a recurrent infection or treatment failure.
S aureus is an important cause of periorbital and orbital cellulitis. In our study, the majority of isolates were MRSA, pvl + , and USA300. Our findings suggest that empirical antibiotic treatment for these entities should include coverage for MRSA. S aureus is increasingly being recognized as a potential pathogen in sinus infections and its complications. Studies are needed to further characterize the role of PVL as a potential virulence factor in these infections. 
